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Abstract 
Indiana University is operating a Low Energy Neutron Source which provides cold neutrons for material research and 
neutron physics and MeV energy for the neutron radiation effects studies. Neutrons are being produced by a 13 MeV 
proton beam incident on a Beryllium target. The LENS Proton Delivery System (PDS) is routinely operating at 13 
MeV and 25 mA at 1.8% duty factor. The RF system, consisting of three Litton 5773 klystron RF tubes at 425 MHz 
and 1 MW each, power the AccSys Technology PL-13 LINAC. The proton beam delivers up to 6 kilowatts of power 
to the Beryllium target.  Details of the beam spreading system, target cooling system, and accelerator operations will 
be discussed. 
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1. LENS Overview 
The Low Energy Neutron Source (LENS) at Indiana University is the first university-based pulsed 
neutron source in the U.S.  The facility utilizes low energy (p,n) reactions in a beryllium target coupled to 
a light water reflector and cold methane moderator, to produce time-averaged thermal neutron fluxes 
suitable for neutron scattering and development of instrumentation. LENS has a threefold mission to 
perform research with neutrons, educate students in neutron science, and develop new neutron 
instrumentation and technology. LENS will also provide a test bed in the development of very-cold 
neutron sources [1,2]. In this paper we provide a brief overview of the facility and discuss some of the 
most significant operational issues that have arisen during its first several years of operation. 
LENS has two instrumented neutron beam lines, with two more available for future expansion. At 
present, the instrumentation suite is directed toward large-scale structure measurements with a 
conventional Small Angle Neutron Scattering (SANS) instrument and Spin Echo Scattering Angle 
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MEasurement (SESAME) for extending structural studies beyond the range of conventional SANS.  The 
low proton energy used in LENS yields limited activation in the source, making this facility ideal for 
technical studies of neutron moderation and a variety of educational programs.  The variable pulse length 
facilitates investigation of long-pulse instrumentation concepts. The low energy of the proton beam 
allows a lower moderator operating temperature (below 10K), giving a colder neutron spectrum. A 
second target station is also available for epithermal and fast neutron applications (primarily radiation 
effects in electronics and radiography). 
 
 
Fig. 1.  Layout of the LENS facility, showing the cryogenic-moderator target station with scattering instruments (near the top of the 
figure) along with  the radiation effects target station, the accelerator and the RF power systems.  
 
2. The LENS Proton Accelerator 
The LENS proton accelerator provides a 25 mA (peak current), 13 MeV beam with up to 6 kilowatts 
of beam power, by utilizing a PL-13 LINAC.  The proton beam has a variable pulse width ranging from 
10 Ps to 1.0 ms and the facility has been run with repetition rates from 10 to 45 Hertz, although for 
scattering experiments it is most commonly run at 20Hz and a beam power of 3 to 4 kW. The PL-13 
consists of a 3 MeV Radio Frequency Quadrupole (RFQ) followed by a 4 MeV drift tube LINAC (DTL) 
section and a 6 MeV DTL section for a total energy of 13 MeV.   
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Fig. 2.  Oscilloscope traces showing the current through two of  the three klystrons (top two  traces), the mod-anode voltage 
controlling one klystron (second lowest trace),  and the RFQ cavity power (lowest trace) for one 900 msec-long cycle). 
 
The LENS RF amplifier system uses the 1.25 MW, 425 MHz “BMEWS” klystrons to drive the RFQ / 
DTL structures.  By utilizing a “totem-pole” modulator [3] with an “on-deck” and an “off-deck,” fast 
klystron beam switching and RF capability is obtained.  The LENS installation has two klystron 
modulator systems, a single tube klystron system and a two tube klystron modulator system.  The klystron 
beam current rise time of the single tube modulator is about a 30 Ps (top, or blue trace) and the 2 tube 
modulator has about a 75 Ps rise time (second, or violet trace) as noted in Figure 2.  What can be noted 
from these traces is that the beam currents are flat-topped.  The flat-topped beam in the klystrons 
maintains the RF characteristics of the tube. By coupling the capacitor bank droop into the klystron 
modulator “on-deck” electronics, a fixed mod-anode to cathode voltage results in the flat-topped klystron 
beam currents.  This klystron mod-anode voltage is depicted by the red trace in the Figure 2. The green 
trace is the RFQ cavity RF power. The filling of the RFQ cavity is used to define the proton pulse width, 
and consequently the proton current pulse, which closely mimics this last trace, is shown in figure 3. At 
present, the peak beam current is limited to no more than 25mA by the relatively low injection voltage of 
the RFQ, so increased beam power is realized by lengthening the duration of the proton pulse.  
Figure 3 shows the proton beam pulse as measured by 2 current transformers, one at the accelerator 
exit (pink) and the other before the target (green).  The pulse is also monitored by a RF time-of-flight 
pickup shown in light blue. We note the rapid rise and fall in the beam current with a relatively flat profile 
during the pulse. The beam current rise time is approximately 3 Ps, and the trailing edge is similarly 
short. This has been used to produce square beam profiles as narrow as 13 Ps  in investigations of 
moderator emission time performance. 
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Fig. 3. Beam current measured in the LENS proton delivery line when operating in long-pulse mode for scattering applications. 
 
The klystron systems at LENS originally made use of a legacy modulation anode tube design (using 
Litton L-3408 injectron switch tubes). Although these tubes performed well, replacements are impossible 
to obtain, and as our supply of tubes diminished we were forced to consider a new design. In partnership 
with personnel from Los Alamos National Lab, we now employ a modern tube (CPI emac division Y-
847B). The first version of this new tube that was installed produced an unacceptably large number of 
klystron trips (several per day) due to sparking in the mod-anode, but after some modifications to the 
manufacturing process, this problem  now appears to be under control with the most recent version of the 
tube that we have used. 
 
3. Neutron Production 
The proton beam is spread out on the target using non-linear focusing devices consisting of two 
octupole magnets shown in Figure 4.  These magnets, one for X and the other for the Y direction, along 
with standard quadrupole magnets, produce a beam that is approximately uniformly distributed across a 3 
cm high by 4 cm wide area as seen in the Figure 5.  The power density on the beryllium plate at our 
highest beam power to date is 500 Watts/cm2 average (28 kWatts/cm2 instantaneous). During the first 
several years of operation of the facility, target issues were a significant cause of down time and these are 
discussed in greater detail elsewhere in this volume [4]. Radiolysis in the water produced a buildup of 
corrosion products on the back of the target leading to insufficient cooling and target failure. In addition 
to this, our original target design was thick enough for the proton beam to range out within the target 
itself and the resulting hydrogen buildup in the target rapidly exceeded the mechanical limits of the 
material.  
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Fig. 4 Mechanical drawing showing one of the two octopole magnets used to spread the LENS proton beam on the target. The 
octopoles encircle the 4.0” diameter beam pipe containing the beam. 
The Beryllium target is a flat plate design that is directly cooled by water flowing across the back 
surface at 5 gpm.  The water system, constructed of mostly Aluminum piping and has charcoal and de-
ionizing filters to eliminate the build-up of corrosion products on the back side of the target The filters are 
used to maintain water conditions of resistivity >1M:-cm and total dissolved solids below 0.5mg/l. The 
target is now only 1.2 mm thick, allowing the protons to stop in the cooling water.  By stopping the 
protons in the cooling water, we eliminate the buildup of hydrogen in the Beryllium which causes the 
target to burst [4], although it should also be noted that this choice exacerbates the water chemistry 
problems, forcing more aggressive remediation than was needed with the thicker Be target.   
 
Fig. 5. View of the vacuum side of the LENS target showing the rectangular beam profile left on the target from cracking of residual 
gases in the vacuum system by the proton beam. 
The LENS thermal/cold TMR is designed as a source of cold and thermal neutrons that is both highly 
efficient and intense while minimizing background neutrons. The design, shown in figure 6, was 
optimized using the MCNP series of Monte Carlo codes, and has demonstrated an adequate flux for 
conducting materials research as well as the flexibility we had envisioned for neutron moderator 
development. 
The moderator and TMR shielding was designed to allow frequent changes to the moderator system 
facilitating a moderator research program [5].  This is facilitated primarily by keeping the proton beam 
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energy at 13 MeV or below, and by the use of Al alloys in the construction of the central hardware in the 
TMR. The key elements of the design are displayed in figure 6. 
 
 
  
Fig. 6. Section drawing of the LENS Target Moderator Reflector assembly, with a 50-cm diameter water reflector surrounding the 
target in the center. The closed-cycle refrigerator used to cool the methane is visible near the top as are the layers of lead and 
polyethylene/epoxy/borax shielding surrounding the source. 
 
The LENS facility at IU is operational and it provides neutron beams for neutron sciences. Although 
we have demonstrated the ability to run the accelerator at up to 6 kW of beam power, and the target 
design is suitable for power levels as high as 13 kW, for neutron scattering operations the facility has 
typically been run at 4kW of beam power to enhance reliability as we have worked through operational 
issues with the target and RF systems.  
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